. TEM (1), HRTEM (2) and Length distribution histogram (3) images of (a) 10%-Mo- Ta 
Enhancement factor (EF) calculation
The EF of the 15%-Mo-Ta 2 O 5 substrate as the best SERS active substrate was calculated according to the general formula [11] 
In formula (1) Supporting Information 3
In this paper, the first principle calculation method based on density functional theory [13] (DFT) was used to complete the geometric optimization and the electronic structural calculation of Ta 2 O 5 crystal. The periodic boundary condition was used in the calculation process, the local density approximation [14] (LDA) method was applied for the inter-electronic exchange correlation energy, and the ultra-soft potential (Ultrasoft) was used to achieve the interaction potential between ion core and valence electrons. In the wave vector K-space, the cut-off energy of plane wave was chosen as 400 eV, the Brillouin zone (integral = 1 × 4 × 3)
was summed according to the special K-point of Monkors-Park. [15] The special K points summed for the Brillouin area. When the total energy change of the system stable within 5×10 -6 eV, the force acting on each atom in the unit cell, the residual stress of the unit cell and the tolerance deviation less than 0.01 eV/Å, 0.01 GPa and 1×10 -4 Å respectively, the convergence state of the system was reached. We considered the weak interaction during the geometric optimization process. The added U values were respectively 3.0 and 4.38 for the Ta and Mo atom when considering the d orbital electrons. And then, the Gauss09 program was used to calculate the ground state geometric optimization, static Raman spectroscopy, charge distribution and molecular orbital properties of the Mo-doped and hydrogenated Ta 2 O 5 systems with the mixed exchange functional B3LYP method. To ensure that all structures were in a stable state, we optimized the probe molecule and cluster models without virtual frequencies. The C, H, O and N atoms in the adsorption system were described by the 6-
311+G (d, p) group including a polarization function and a diffusion function. The Lanl2dz
basic group was selected for the transition metal Mo and Ta atoms. It has been verified that both the B3LYP/6-311+G(d,p) and the B3LYP/Lanl2dz basic group level were sufficient to describe the interaction between organic molecules and transition metal compound clusters, and all calculations were performed under the default convergence criteria of Gauss09. [16] Based on the DFT, the influence of elemental Mo doping and H incorporation on the electronic structure of Ta 2 O 5 was studied by the first principle. We constructed a crystal structure of Ta absorbed MV molecular (noted as MV-Ta 2 O 5 ) were stick on a BK7 glass using black tap and were pressed by another glass to make a flat surface. The power of the pump pulse was 0.1mW, and 0.05mW for probe pulse, the corresponding fluence was 3.18 mJ/cm 2 and 1.59 mJ/cm 2 , respectively.
Results and Discussion
Both pure Ta The experimental data of the ultrafast dynamics can be fitted by the following equation:
where A fast and A slow denoted amplitudes, τ fast and τ slow standed for the lifetimes of the excited carriers, A 0 was the background level. With Equation (4) We furthermore performed a laser power dependence experiment on pure MV sample, for which we illustrated the results in Figure S12 . The differential reflectivity of three MV crystals were collected under 0.02 mW, 0.05 mW and 0.1 mW pump powers, respectively. All three tested MV samples were exposed to pump laser beam for 60 minutes. It can be seen that for the higher pump power case, the dynamics curve clearly exhibited an additional faster relaxation component, now with τ fast =0.96ps and τ slow =6ps. For the lower pump power case, there is only one relaxation component, for which the lifetime is much longer, as τ =200ps.
We contemplate there are two channels that contribute to the photo-induced decay of the MV molecule in our experiment on MV- Ta The two factors combine together to yield the overall photo-induced decay. The decay rate for both channels increases with the increasing illumination laser beam power. Considering this, the dynamic under low pump power in Figure S12 (yellow diamonds) is closer to the pure dynamic of MV molecule without photo-induced decay. 
